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THE 

INTRODUCTION. 


B Efore we come to give an 
Account of this our New Me¬ 
thod for the Difcovery of the 
Longitude, both by Sea and Land, 
which we here take leave humbly 
to propofe to the Confederation of 
the Publick, we think it reafonable 
to premife fomewhat by way of In¬ 
troduction : To give fome Account 
of the Nature of the Problem before 
us; to (peak a little of the Methods 
hitherto try’d, and the Reafons of 
their ill Succels; and to add a 
brief Hiftorical Narration from what 
Occafions and by what Steps this 

our 
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6 The Introduction. 

our Method was firft difcover’d, and 
has arriv’d at its prefent Degree of 
Maturity. 

As to the Problem it felf, the In¬ 
vention of the Longitude; it is plain¬ 
ly this: To difcover in fome mea- 
iure a like fure way of frequently 
knowing how far we are diftant, 
on the Earth Spherical Surface, in 
Degrees, from any known Meridian, 
Eaftward or Weftward; as we can 
cafily know, almoft at any time, how 
far we are diftant, in Degrees, on 
the fame Surface, from the middle 
Circle or Equator, Northward or 
Southward. Now in this Cafe it 
muft be noted, that as the Diurnal 
Motion does naturally imply fixed 
Poles, and a fixed Equator; which 
infer a different Meridian Altitude 
of thofe Poles, and of that Equator, 
and by confequence of all the hea¬ 
venly Bodies, in different Latitudes; 
which different Altitude may in clear 
Weather be eafily obferv’d by proper 

J lnftru- 
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Inftruments, and thereby that Lati¬ 
tude may be readily difcovered ; fo 
dees not the fame Diurnal Motion 
at all imply any ‘Phcenomena^ whence 
the Longitude may be difeover’d to 
us: Becaufe the fame Parallel (till 
bears, through its whole Circumfe¬ 
rence, the fame Relation to thofe 
Poles and that Equator, without any 
Difference. The Diurnal Motion 
therefore, which affords an obvious 
Foundation for the Invention of the 
Latitude of every Place on the Earth, ' 
affords us no fuch Foundation for 
the Invention of the Longitude of 
the fame Places. Nor is it therefore 
‘an eafy Problem, either aftronomical 
or pradical to difeover the fame. 

As to the Methods hitherto tryed, 
they are either Celeffial, or Terre- 
ftrial; and may be reduc’d to thefe 
Seven, Four that are Celeftkl , and 
Three that are Terreftrial. 

( 1 ) The Eclipfes of the Melon. 

(a) The Eclipfes of the Sun. 

(3) The 
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8 The Introduftion. 

(3/The Eclipfes ofJupitersPlanets. 

(4) The Motion of the Moon. 

(5) The Variation of the Needle, 

(6) . Clocks, or Watches. 

(7) The Log Line or Dead Rec¬ 
koning. 

Firft the Eclipfes of the Moon 
are ufeful for the Longitude. For its 
Immerfions into the Earth’s Shadow, 
its neareft Diftances to that Center, 
and its Emerfions therefrom, are all 
.at diftinft and known Points of ab- 
folute time. So that where and 
when they can be nicely obferv’d ; 
and the Difference of the apparent 
times at every Meridian noted ; the 
refpe&ive Longitudes of thofe Pla¬ 
ces may be thereby found in time ; 
and by allowing 15 Degrees of the 
Equator to an Hour, may be found 
in Degrees alfo. 

Secondly, in the fame manner may 
the Eclipfes of the Sun be made ule 
of; efpecially as now improv’d by 
our great Aftronomer Mr.rtamjieeas 

ConfiruBion 
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Conjiruclion of them ; and as they 
will, we hope, be farther improv’d 
by Mr. Whlfl ons actual Exhibition 
of them, inhislnftrument, juftPub- 
liflied. Which Method, by the 
Difference of the apparent time of 
any Part of the Eclipfe in different 
Places, gives the Difference of Me¬ 
ridians, or of Longitude in the like 
manner as before. 

Thirdly, the Eclipfes of Jupiters 
Satellits afford another like Method 
for the Difcovery of the Longitude ; 
and that on the fame Foundation 
with thofe of the Moon. 

Fourthly, the Motion of the 
Moon, with its Diftance from the 
Sun, or rather its Appulfe to and 
Occultation of thofe fixed Stars that 
ly along its Courfe, is another re* 
markable Method for this purpofe; 
and is of the fame Nature with the 
Eclipfes of the Sun as to this matter. 

Thefe Four mayjuftly be called 
Celejlial , or jdflronomiccd Methods of 

B dilcovering 
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dicovering the Longitude, becaufe 
they make ufe of the Celeftial Bo¬ 
dies, or of the Stars in order to that 
End. The Three Terrejlrial Me¬ 
thods are as follows. 

5ty, The Variation of the Needle 
from the North is now,efpecially fince 
Dr. Halleys noble Obfervations and 
Map thereto relating, become one 
Method for the Difcovery of the Lon¬ 
gitude; particularly in thole Parts 
where that Variation is belt known, 
and the North and South Polition of 
its Lines are moft remarkable. For 
by eroding the Meridians there, you 
alfo crofs the Curves of equal Va¬ 
riation* and difcover in fome meafure 
your Longitude thereby. 

Sixthly, The Ufe of Clocks or 
Watches at Sea is another Method; 
and was attempted by the famous 
Hugenius. And indeed if they could 
be exa&ly kept to an even motion, 
and fo (hew the Hour at any one 
certain place at Land; the Com- 

parifon 
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parifon of the Time known by that 
Clock or Watch, with the apparent 
time at the Ship known by the Sun 
or ftars, or another Clock or Watch 
regulated by them, would difcover 
'the Longitude from the Place to 
which that firft Clock or Watch 
was adjufted, in time, and fo, as be- 
fore, in Degrees alfo. 

Seventhly,The Log-line and Dead 
Reckning, when all fails, is the laft 
Remedy in this cafe ; and from 
thence the Seamen guefs, as well as 
they can, by the Angle and length 
of their Courfe, what Longitude 
and Latitude,they are in: And when 
by Obfervation they find their Er¬ 
ror in Latitude, they conclude up¬ 
on a proportionable one in Longi¬ 
tude alfo. And fo for want of a 
fure Guide, either Celeftial orTer- 
reftial, they are forc’d to depend 
on This; which yet is, as well as 
the reft, very uncertain and inac¬ 
curate, 

- B » For 
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12 The Introduction. 

For to come to the Reafons of the 
fmallSuccefsof thefe feveralMethods. 

As to the two firft,the Eclipfes of 
the Sun and Moon; to fay nothing 
here of the flownefs of the Moon’s 
Motion, which renders any great de¬ 
gree of exa£tnefs impoffible; or of 
the difficulty of Calculations and Con- 
ftru&ion, efpecially in the Sun’s E- 
. clipfes; and of Obfervations in both: 
The fingle rarenefs of thefe Eclipfes, 
which is not feldom made ftill rarer 
by cloudy Weather, renders them of - 
very little ufe in Navigation. 

As to the third Method, by the 
Eclipfes Jupiter's Planets; this muft 
be own’d of much greater ufe.: Since 
the quicknefs of their Motion, efpe¬ 
cially as to the innermoft, makes the 
Moment of their Immerfion into, or 
Emerfion from Jupiter s Shadow ve¬ 
ry diftind and nice; and their fre¬ 
quency, which is almoft one for 
every Day, renders them fit for the 
conftant ufies of Navigation. Nor 
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The Introduction. 13 

have we hitherto had any other Me¬ 
thod fo ufeful at Land as this. Yet 
are there great Difficulties belonging 
to this Method; efpecially at Sea. 
The belt Tables of their Motions are 
hitherto too imperfect to be at all 
times depended on, as to the exa& 
abfolute Time of their Celebration: 
And they require Telefcopesof fuch 
a length as have not hitherto been 
manageable atSea,in that ftateof Tof- 
fing and Agitation which Ships there 
are fubjeft to: Which difficulties, 
added to the impoffibility of feeing 
thefe Eclipfes for about three Months 
every Year, when Jupiter is near the 
Sun, renders this Method at prefent 
of fmall ufe in Navigation. 

Nor can the fourth Method,or the 
diftance of the Moon from the Sun, 
with its Appulfe to,or Occultation of 
thofe fixed Stars which lye along its 
courfe, give us the Longitude to fuffi- 
cient exa&nefs, for to fay nothing 
here of the flownefs of the Moon’s 

Motion, 
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Motion,the want of the utmoft accu¬ 
racy of even the place of fome of thefe 
fixed Stars themielves,and of the Sun 
it felf; or of the neceffity of the ufe 
of fmaller Telefcopes, even in thi6 
Cafe; as well as of the trouble of the 
Calculation and Conftru&ion, which 
are lefler Difficulties here alfo; ’Tis 
plain the Theory of the Moon, efpe- 
cially in fome portions, is not exact 
enough hitherto for our purpole; as 
not ferving for this Longitude nearer 
than to two or three Degrees: where¬ 
as the Seamen want it within one 
Degree, or lefs. Tho* indeed it muft 
be allow’d, that if the Moon’s The* 
ory could be once fo far perfected, 
that its place might be with certain* 
ty calculated nearer than to two Mi¬ 
nutes of a Degree, this would be a 
very ufeful Method in order to the 
Difcovery of the Longitude at Sea. 
Which Improvement therefore of its 
Theory is a thing highly delireable 
in Aftronomy. 

We 
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We come now to the Terreflrtal 
Methods, and to thofe difficulties 
which render them alfo incapable of 
difcovering the Longitude,with that 
certainty, and to that degree of ex- 
a&nefs which the purpofes of Na¬ 
vigation require. Thus the Curve 
lines of the Variation of the Nee¬ 
dle, which is the firftTerreftrial Me¬ 
thod, are of fmall ufe, becaufe the 
Laws of that Variation are not yet 
brought to a fufficient certainty, not- 
withftanding the moft ufeful endea¬ 
vours of Dr. Halley in that Matter: 
The Neighbourhood of Iron Mines, 
of Iron, or of Loadftones themfelves, 
does fometimes difturb the general 
Rules, and deceive the Obfervers of 
that Variation : The Portion of thofe 
Curves, too far Eaftward and Weft- 
ward, in a great part of the World, 
renders this Variation ufelefs as to any 
general Difcoverv of the Longitude: 
and even there where the Polition of 
thefe Curves is the moft advanta¬ 
geous 
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geous, as it is about the Cape of Good 
Hope , and a confiderable way on both 
fides of it, yet is the diftance of thole 
Curves for the difference of one De¬ 
gree of Variation, about ioo Geo¬ 
graphical Miles, i.e. near two Degrees 
of a great Circle; and fo this Method 
is incapable of (hewing the Longitude 
very nicely in any Cafe whatfoever. 

Thus the Second Terreftrial Me¬ 
thod, by Clocks or Watches, tho’ 
the eafieft to underftand and practice 
of all others, has been fo long in vafu 
attempted at Sea, that we fee little 
Hopes of its great ufefulnefs there. 
Watches are fo influenc’d by heat and 
cold, moifture and drought ; and 
their fmall Springs, Wheels and Pe- 
vetsare fo incapable of that degree of 
exaCtnefs which is here requir’d, that 
we believe the beftMechanicks have 
the lead expectation from them in 
this Matter. Clocks govern’d by long 
Pendulum’s go much truer: But then 
the difference of Gravity in different 
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latitudes the lengthening of the Pen¬ 
dulum-rod by heat,and fhortemng it 
by cold ; together with the different 
moifture of the Air, and the tolfingsof 
the Ship, all put together, are circum- 
ftances fo unpromifing, that we be¬ 
lieve Wife Men are almoft out of 
hope of Succefs from this Method 
alfo. 

And as for theLog-Line,and Dead- 
Reckoning, which is the third Ter- 
reftrial Method,they were the known 
deficiencies ot this common way,as al¬ 
ter’d by Storms, and Currents, and 
the Inaccuracies of the way it felf,and 
of even the Latitude, as commonly 
taken; together with the too frequent 
and enduring cloudy Weather, when 
they can take no Latitude at all; 
which have occafion’d the Seamen to 
defire fome other Affiftance for the 
Difcovery before us. 

We now come to our laft Bufinefs, 
viz. togive the World a fhort Hiftory 
of our own Propofal; from what oc- 

C cafions, 
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caftons, and by what fteps this oar 
Method was fir ft difcover’d, and has 
arriv’d at its prefent degree of Matu¬ 
rity. As to which matter, the Rea¬ 
der is to know, that fomewhat above 
a Year ago* Mr. JVhifton and Mr. 2 )#- 
fcw,with fome other com monFrlends, 
fpent part of an Afternoon and the 
Evening together. Mr. ‘Ditton took 
an occafion, among other common 
difcourfe, to obferve to Mr. IVhiJim, 
that ’The nature of Sounds would 
4 afford a method, true at leaft in 
4 Theory, for the difcovery of the 
4 Longitude ; fince The difference 
between the apparent time where the 
' Sound is made, and where it is heard j 
abating only the time for its diffujion, 
which was now well known j is the dif- 
ference of the Longitude of thofe two ‘Pla¬ 
ces in time . Mr. IVhifton immediately 
own’d the truth of the Propofition, 
and added, ‘That as to the Pro* 
4 pagation of Sounds, he remem- 
4 bred to have himfelf plainly heard 
4 the Explofion of great Guns a* 

4 bout 
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bout 90 or 100 Miles, viz, when 
4 the French Fleet was engag’d with 
* Ours, off Beachy-head in SuJJex ; 
4 [which was AD, 1-690.] and 
4 himfelf was at Cambridge; and that 
4 he had been inform’d, that in one 
4 of the ‘Dutch Wars, the found of the 
4 like Explofioits had been heard in- 
4 to the very middle of England, ? at 
e a much greater diftance. Upon 
4 this, Mr- IVhifton , when they part- 
c ed, told Mr. Ditton , that he took 
4 the thing to be fo confiderable,that 
4 tho it had been difeourfed of in 
4 mix’d Company, after an unguard- 
4 ed manner, yet he look’d on it as 
4 fit to be conceal’d; fince no body 
4 could tell what Improvements might 
4 on farther Confideration be built 
4 upon fuch a Foundation. Which 
Advice Mr. Ditton follow’d ; and ac¬ 
cordingly defir’d and obtain’d the 
Silence of thofe that had then heard 
what had pafs’d. This Propolition 
about Sounds, and their diftant Pro- 
C 2 pagation, 
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pagation, with refpeft to the Longi¬ 
tude, did upon this fo fix it felf in 
Mr. JVhiflons Mind, and did occa- 
fion fuch Improvements there, that 
in lefs than twoDays time he brought 
a fmatl Paper to Mr. ‘Ditton , contain¬ 
ing a Scheme, how that Theory of 
Mr. ‘Dittons about Sounds might be 
reduc’d to Pra&ice, and be actually 
apply’d to the difcovery cf the Lon¬ 
gitude at Sea; which was then not 
much unlike the former branch of 
the following Effay, only more im¬ 
perfect: Which Scheme Mr.‘Ditton ap¬ 
prov’d of. Soon after this Mr fDittori 
imparted this Difcovery to a very 
good Friend, belonging to the Admi¬ 
ralty, in order to gain farther light 
as to its praCticablenefs at Sea; 
and that proper Queftions might by 
him be ask’d of Seafaring Men re- 
la ting thereto, without any Sufpici- 
on; which could not well be avoid¬ 
ed if we Gur felves had ask’d them; 
efpecially fince the Notion-was then 
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got abroad that we had a Project 
about the Longitude to propofe to 
the World. The refult of this En¬ 
quiry was, that thofe Sea-men our 
Friend enquir’d of, did not remem¬ 
ber to have heard Sounds at Sea 
any whit near fo far as the before- 
mention’d Examples (hew’d they had 
been heard at Land; which difficulty 
put fome ftop to our Progrefs for a 
little while. However, at laft, after 
farther enquiry, the final refult was 
this, That tho’ Sounds were not ordi- 
narily either atSeaorLand heard very 
far, yet that was not at Sea more 
than at Land any certain Argument 
that they could not fpread lo far; 
becaufe Sounds had been heard 
a full Degree at leaft, or 60 Geo¬ 
graphical Miles over Sea, even with? 
out any extraordinary Contrivance, 
either at the founding Body, or the 
Ear; both which were yet, for cer¬ 
tain, capable of great improvements, 
in order to the enlargement of that 

diftance. 
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diftance. So that the Objection ftart- 
ed againft the fpreading of Sounds 
at Sea feem’d to be in a manner over, 
and we at liberty to profecute our 
Defign, as before, ofdifcoveringthe 
Longitude.by means of it. About 
this time Mr. JVhiflon difcover’d and 
propos’d a great Improvement of 
his own to this Method; viz. That 
the Guns which where to make the 
Explofions in the former Cafe, might 
alfo carry Shells, full of Powder, or 
fuch other combuftible Matter as 
would take fire at the utmoft Alti¬ 
tude; and thereby certainly and ex¬ 
actly exhibit the point of the Azi¬ 
muth,and theDiftance of the founding 
Body; and fo join the ufe of the 
Eye and Ear together for the fame 
purpofe. Tho’ at the firft he muft 
own he fufpeCted that the Apparent 
Diameter of that Light or Fire would 
in great diftances be fo fmall as not 
to be there vifible. In this very jun¬ 
cture a day of extraordinary Fire¬ 
works 
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works happen’d [it was the Thankf- 
giving day for the Peace, July 7th, 
1 7 1 5*3 the Contemplation of which, 
did much revive and encourage this 
Notion: and the certain Account he 
foon had that thofe Fire-works, nay, 
the fmall Stars into which the Rock¬ 
ets commonly refolv’d themfelves, 
where plainly vifible no lefs than 20 
Miles, put an end to his doubts im¬ 
mediately ; and made him very fe- 
cure that fuch large Shells as might 
be fir’d at a vaftly greater height, 
would for certain be vifible for about 
100 Miles; which he look’d on as 
nearly the limit of Sounds alfo, as to 
any purpofes of Longitude. And 
this has been fince abundantly con¬ 
firm’d by experiments made by Mr. 
Whtfions own Directions. Thus oh 
Saturday , Aug. 8 th. la ft four feveral 
Rockets were by him and many o- 
thers feen about 30 meafur’d miles ; 
and that fo very plainly,that ’tis high¬ 
ly probable they might have been feen 

at 
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atleaft 10 if not ao Miles farther, id 
a proper Elevation. Thus alfo the 
Light of a Ball of Fire of feven In¬ 
ches diameter, which-has been feve- 
ral times thrown up from a (mail 
Mortar at Black Heath , has been feen 
in feveral Counties at the diftance 
of Fifty and Sixty, if not Seventy, 
meafured Miles. This Improve¬ 
ment of Mr. IVhiJlons , which was 
alfo then for the main the fame with 
the fecond Branch now contain’d 
in this Paper, was alfo approv’d of by 
Mr. < Ditton^ and agreed to as fit to be 
a part of the former Defign for the 
Difcovery of the Longitude at Sea. 
Mr. c Ditton did farther add, for Im¬ 
provement, a fure Method of Tri¬ 
gonometrical Calculation,- to afcer- 
tain from the Obfervations the ho¬ 
rary Difference of Meridians (and by 
confequence the Difference of Lon¬ 
gitude in Degrees) between the Ship’s 
Place, and that of Explofion ; with¬ 
out computing the Time of the 

Sound’s 
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Sound’s propagation : but fince this 
Method is fomewhat more operofe 
than that which is propos’d hereafter, 
he choofes to omit it. Re did alfo 
firft obferve that great Ufe of our 
Method at Land, in the Surveying 
of Countries, for the Perfection of 
Geography; which was alfo readily 
taken notice of by Sir Ifaac Newton^ 
and afterwards by Dr. Halley , and 
that both of their own accord, upon 
our firft communication of our Me¬ 
thod to them. For when Matters 
were brougt to fo hopeful a Pofture, 
and neceffary Tables were preparing 
for the a&ual Pra&ice of the whole 
Method, we began to think of in¬ 
timating to the Publick, that we had 
a new Difcovery, as to the Longi¬ 
tude, to propofe to the World. 
Which we foon did, by our Letter 
inferted in the Paper call’d the Guar - 
d 'tan, of July 14, and repeated by 
another in the fame Author’s Paper 
call'd the Englijbman, of ‘December 10. 

D fol- 
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following: Having before commu¬ 
nicated the matter to the illuftrious 
Sir Ifaac Newton , as we did afterward 
to thofe great Men, Dr. Clarke Re&or 
of St. jfawze/s, Dr. Halley of Oxford^ 
and Mr. Cotes of Cambridge. How far 
we profited by this Communication, 
and what their Opinions were con¬ 
cerning our Method,we need not fay: 
becaufe we do not give an Account 
here of every occafional Improve¬ 
ment, either of our own or others; 
and becaufe we now publifh the in¬ 
tire Method, as it ftands at prefent, 
to the whole World, for every one’s 
open Judgment, and the farther Im¬ 
provements of the skilful. Only fo 
far their Opinions and Declarations 
appear to have been on our fide, that 
upon hearing what they and we had' 
to fay, the Committee of the Houfe 
of Commons, which was appointed 
to inquire into this matter, came 
unanimoufiy to a Refolution in our 
Favour ; and the Legiflature have 

there- 
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thereupon thought fit to pafs an 
appointing a noble Reward for fuch 
as (hall di(cover a betterMethod than 
has been hitherto us’d for the finding 
the Longitude. Which Reward, 
whether we have any juft Claim to, 
in whole or in part, we do hereby 
intirely fubmit to the Sagacity ana 
Juftice of thofe eminent Perfons 
whom the Legiflature has been pleas’d 
to intruft with theTryal, Experi¬ 
ment, Judgment, and Determination 
of all fuch Propofals. 

It muft here be Obferv’d, before 
we conclude, that this Method, as 
it was at firftpubliftied, fuppos’d the 
dire# fixing of Hulls at Sea: which 
appearing very difficult in Practice, 
Mr. Wmjion from feveral Hints he 
met with in converfing with Perfons 
skill’d in Sea-Atfairs, and his own 
Study of the Geometrical Part of 
managing of Ships, made another 
great improvement, and contrived 
all fo,that thofe HA might be fpar’d. 

Da and 
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and any fmall Stationary Ship might 
fuffice : and that inftea^kof fixing 
fuch a Hull; a Buoy,or Float,or Sea- 
Mark only fhould be really fix’d ; 
and the Stationary Ship fhould do 
no more than keep it felf near the 
fame: which it is eafy to do within 
the diftance here neceflary. And 
this after fuch a manner, that if the 
Ship were at any time driven away, 
it fhould readily recover its former 
Station again ; as it now ftands in 
this fecond Edition. It muft alfo, in 
Juftice, be obferv’d, that when Mr. 
Whifion and Mr. Ditton , a little be¬ 
fore the Sicknefs and Death of the 
latter, came to communicate this Im¬ 
provement, which was generally ap¬ 
prov’d of, to the Right Honourable 
the Earl of "Pembroke ; who, as is 
moft gratefully to be acknowledged, 
has all along fhew’d a peculiar Rea- 
dinefs and Sagacity in bringing this 
Propofal to bear, and in clearing it 
of all fuch Difficulties as did incum* 

ber 
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ber it; His Lordfhip appeared to 
be already Mafter of it, and pro¬ 
pos’d it to us as his own Thought* 
Nor is it fit to omit the other very 
eonfiderable Information we at the 
lame time received from his Lord¬ 
fhip, of which we bad fome, but that 
very uncertain and imperfect Inti¬ 
mation before, viz. That it has actu¬ 
ally appear’d upon Tryal, that the 
Ocean between Europe and America 
is no where above 300 Fathom deep, 
excepting near the Mouth of one of 
the great Rivers of the other Conti¬ 
nent : where yet ’tis more likely the 
Strength of the Stream, by carrying 
the Line more oblique, occafion’d it 
to feem deeper than the reft than 
that it really was deeper in that par¬ 
ticular Place. His Lordlbip alia 
gave us Directions where to find 
this Account alfo; tho* we have 
not hitherto been able to light on 
the Book refer’d to by his Lordfhip. 
Yet do we not at all doubt of the 

Truth 
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Truth of the Experiment; and do 
thereby find that our Buoys may 
therefore, in all Probability, be al¬ 
ways fix’d by the fure Method of 
Anchors: which we were not before 
fo well fatisfy’d of. Which Obferva- 
tion is of great life for thecompleat- 
ing our prefent Difcbvery. 

We conclude all with our hearty 
Willies as Men y that this our Defign 
may tend to the common Benefit of 
Mankind: as Britain x, that it may 
tend particularly to the Honour and 
Advantage of this our Native Coun¬ 
try ; and as Chrifiians , that it may tend 
to the Propagation of our Holy Re¬ 
ligion,in its original Purity, through¬ 
out the World. 


William WhiJlon % Humphry Bit ton. 


PRO- 
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PROBLEM. 

To find the Longitude 
both at Sea and Land. 


Lemmata, or ‘PreparatoryTropofeions. 

I. A LL Sounds are propagated 
l\ almoft evenly; and are ob- 
-L JL ferv’d to move in calm 
Weather very exactly 8 Mea fur’d 
Miles in 37 Seconds of Time: i. e. 
one Geographical Mile or Minute of 
a Degree in 5"*. 

This is well known from the laft 
and the moft accurate * Obfervations 


* Phihf. TranfaS. N*. 347. Sir Jfaac Newton'/ Prina'p. 
Ut.i.p. 343.344* 

about 
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about the Velocity of Sounds, which 
are thofe of the Induftrious and Skil- 
full Mr. ‘Derham. Only a fmall Ad¬ 
dition of Velocity is to be made, 
when a ftrong Wind carries the 
Sound with it, and Subftra&km 
when it oppofes it; and that, as 
thofeObfervations Shew, in the Pro¬ 
portion of the winds velocity to that 
of the Sound ; which is hardly ever 
jo great as One, to Twelve. 

II. The Sound of the greateft Guns 
may be heard by the Ear, duly af- 
fifted, if the Wind be favourable, or 
ftill, both by Sea and Land, at the 
leaft ioo meafur’d, or 85 geogra¬ 
phical Miles. In the open Sea alfo, 
the Point of the Compafs may be 
nearly determin’d whence it comes. 

This is very probable, as to the 
Diftance, from many known Experi¬ 
ments*; wherein the Ear, evenun- 

* See Philof.Tranfatf' p« 201, 247. 

affifted, 
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affifted, has heard fuch Sounds much 
farther. And if the Sound were in¬ 
creas’d by a founding Board, which 
might prevent its diffufion upwards, 
and fo fpread it farther Horizontally 
on all fides; and if the Ear were 
affifted by a hollow Tube of Metal, 
of the lhape of a Bell or Tunnel, 
apply’d thereto, this Propofition 
would foon be more indifputable. 
Nor is there any great Dificulty,as to 
the Point of the Compafs, whence the 
Sound comes at Sea, where nothing, 
can reflect or echo the fame in any 
other than the true Angle. 

III. The Diftanee of the founding. 
Body, where the Sounds are of the 
fame Strength, and Tenor, and Cir- 
cumftances, may, within fome La¬ 
titude, be determin’d by the Ear, 
duly affifted, and frequently exercis’d 
in fuch Observations ; even at very 
configurable Diftances from the 

E This 


founding Body 
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This appears from the obvious 
difference of the fame Sounds at very 
different Diftances at prefent; which 
Sounds are in a duplicate Proportion 
of thofe Diftances reciprocally. And 
from the great Improvements, Ex¬ 
periments made on purpofe would 
probably afford us therein. 

N. B. In order to determine ac¬ 
curately the Diftance of a given 
Sound, there muft be diftinft Trials 
made, in an open Place, both by 
Sea and Land, in clear and in foggy 
Weather, with the Wind in all Po- 
fitions,and of all Degrees of Strength ; 
and this at feveral Diftances of the 
Hearers :but till that is done,we muft 
leave this matter to the Ear alone. 

IV. A ftrong Wind carries Sound 
along with it in a Circle; where the 
Sounding Body is a Point in its Axis: 
and is more or lefs remote from its 

Center, 
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Center, according as the Wind j$ 
greater or lefs, 

, This appears by the Demonftrati- 
on following. Let the Proportion of 
the Velocity of the Wind,to the Ve¬ 
locity of the motion of the Air that 
caufes the Sound, be as A B to A D. 
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Let the two equal Circles GD HE* 
GCHF, bedefcribed upon the Cen¬ 
ters A and B; and let any* Line, as 
KL, be drawn Parallel to DR. 
K1 will therefore be always equal to 
ML, or to the Velocity of the Wind, 
and according to its direction: as A 
Mcs AK^=s BL=J BI will be equal 
to the Velocity of the Motion of the 
Air that caufes the found, and accor¬ 
ding to its direction; or from the Cen¬ 
ter to the Circumference of that Cir¬ 
cle which includes the found. Whence 
the Diagonals BK, BM will be the 
diftance or meafure of the Equal 
founds; and the points K. M will be in 
the Circumference of that Circle 
GD HE of which the founding body 
B is a point in its Axis. Q. E. D. 

Corollary (i. jBecaufe theLines AB 
and AK, and the Angle BAK are gi¬ 
ven ; the diftance of equal founds BK 
is alfo given by plain Trigonometry. 
As the fame line may be found Geo¬ 
metrically 
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metrically alfo by applying its length 
to a fcale of equal parts. 

Coroll, (a.) Two equal Circles, 
Aiding one upon the other, according 
the dire&ion of the Axis FD is the 
readied way of folving this Problem, 
for the ufe of Seamen; as being fo 
very eafy- in Practice. 

V. The Interval of apparent time,in 
ttfo places, where a Sound is exci¬ 
ted, and where it is received ; be- 
fides that which is due to the real 
propagation of the Sound it felf; 
is the Difference of their Meridi¬ 
ans, or of their Longitude in 
Time. 

Thus if a Sound, excited juft at 12 
a clock at one place, comes to another 
after the very fame Time that is due 
to the Sounds propagation, as at the 
diftance ol about 13 meafured Miles, 
one minute after 12. At the diftance 
of 26 fuchMiles,two minutes after 12, 
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&c. ’tis evident the places are under 
the fame Meridian, and have no dif¬ 
ference of Longitude. But if it be 
heard fooner or later than thofe times, 
the Difference is what anfwers to the 
Temporary difference of their Meri¬ 
dians, or of Longitude, Weftward 
or Eaftward: and fo is a fure indica¬ 
tion of the fame. As is very obvious 
on a little confederation; and as we 
(hall (hew prefently by example. 

VI. A Moderate Mortar, with a 
ModerateCharge of Powder,is able 
to caft a projeSil near two mea- 
fur’d miles, or ioooo Englifh feet 
in perpendicular height. 

This appears by that known 
* Theorem in the Art of Gunnery, 
which demonft rates, that the utmoft 
Altitude is always equal to half the 
utmoft Random of the fame Gun and 


* H«% gf. Tranf*8. Pbiltftpb. N® 179. Mr. Anderfwi’j 
Cmm. p*JpM. 

Powder: 
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Powder : which utmoft Random, of 
fuch a Mortar, with a competent 
charge of Powder,is known to be near 
four meafur’d miles, or 20000 feet. 

And Since we have already tryed 
a very fmall Mortar, and find that 
with one Pound and an half of ftrong 
Powder it cafts up a Shell of above 
ao Pound weight not much fhort of 
a meafured Mile high, there is no 
reafon at all to doubt of the Truth 
of this Propofition. 

N. B. That it appears by the 
fame way that the largeft Great 
Guns, with their largeft charge of 
Powder, may probable be able to 
caft a ProjeCtil twice fo high. But 
becaufe the charges and trouble 
are in fuch cafes much greater ; and 
- it is uncertain whether the advanta¬ 
ges will be proportionably augmen¬ 
ted, we choofe to fpeak moderate¬ 
ly ; and to propofe nothing here but 
what is for certain cheap, practica¬ 
ble, and advantagiousj and leave 

thole 
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thofe more furprizing heights, to 
the confideration of the publick af¬ 
terward : Only with this obfervation, 
that the Altitude will ever be as the 
Squares of the Velocity, with which 
the Proje&il is thrown, #. e. With 
double and triple velocity, the Al¬ 
titude will be four and nine times as 
great as before refpettively; and fo 
for ever. 

VII. The time of the Afcent or Def- 
cent of fuch a Proje&il; without 
the confideration of the refinance 
of the Air; (which in the cafe of 
lead bullets, iron fhels, or the like 
denfe bodies, is but very fmall, and 
in Wood not very great;) is 15”: 
and is always the lame in the fame 
height. 

This appeal's from the known Ve¬ 
locity of defending orafcending bo¬ 
dies *, which fajl or rife i6 c i Eng- 

* Ubi Supra. 

li(h 
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li(h Feet in one fecond of time ; and 
by confequence 6400 Feet in 20". 
and 10000 in 25". thofe lines of def- 
cent or afcent being ever as the 
Squares of the Times. 

VIII. Gunpowder may be difchar- 
ged, or combuftible matter let on 
Fire at that utmoft height. 

This all that deal in Rockets, 
Bombs and Mortars do very well 
know. It being the great bufinefs of 
their Art to proportion the Match or 
Fufee to any particular time when 
it (hall give Fire; which may as well 
be always adjufted to 20" or 25" as to 
any other number. Nor indeed is it 
impoflible to contrive all fo, that the 
very beginning of the defcent lhall 
be immediately inftrumental in that 
matter, and thereby render the Expe¬ 
riment more exaft and infallible. 

F IX. 
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IX. Fire or Light, if it be ftrong e- 
nough, and 6400 Feet high, will 
be vifible, in the night time, when 
the Air is tolerably clear, about 
100 meafured, or 85 Geographic 
cal Miles: i. e. one whole degree, 
and 25 minutes of a great Circle, 
from the place where it is, even 
upon the furface of the Sea. And 
if it be 10000 feet high, it will 
be vilible 123 meafar’d, or 106 
Geographical miles, in the fame 
Circumftances. 

This is eafily deduced fromtheTa- 
bles of Tangents and Secants, apply ed 
to our Earth; as will appear prefeut- 
ly. Only it may be noted that the 
Refra&ion of Light out of the fome- 
what thinner Air above, into the 
fomewhat thicker Air beneath, in- 
creafes this diftance a little ; as alfo 
that an Eye upon the Maftof a Ship 
will fee fuch Fire or Light about 10- 

Miles. 
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Miles farther than one on a Level 
with the Surface of the Sea ; as will 
appear prefently alfo. 

N. B. That the Diftances this Fire 
or Light can be feen, aba ting thecon- 
fideration of the Atmofphere, are 
nearly in a fubduplicate proportion 
of the Altitudes; and fo at twice the 
greateft height already mentioned,to 
which yet we have obferved Proje- 
£tils may be thrown,this diftance will 
be larger in the proportion of 10 to 
7 ; i, e. about 176 meafured, or 151 
Geographical Miles ; even without 
the allowance for refraction, or for 
the elevation of Mountains, whereon 
fuch Mortars or Guns may be plac’d: 
both which, when allowed for, will 
imply, that ’tis poffible, if the light 
beftrong enough, to extend this di¬ 
ftance to full aooGeographical Miles, 
or minutes of a great Circle. A vaft 
extent this! and capable of afford¬ 
ing proportionably vaft advantages 

F 2 to 
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to Mankind, upon the prefent foun¬ 
dation ! 

X. The Angle fuqh fire or light is feen 
above the Horizon will very ex¬ 
actly difcover its diftance; as will 
an eafy obfervation its Azimuth. 

The former branch is evident from 
the nature of a Sphere, with the ufual 
Tables of Tangents and Secants: and 
may thus be computed by plain Tri¬ 
gonometry. Suppofing the eye of the 
Spectator placed at the furface of 
the Sea; and not confidering the 
very fmall difference by the refra¬ 
ction. 

Let A reprefent the Earth’s Center, 
BD the length of the Secant of i°. 
05'. or i°. 46' above theRadius; i. e* 
6400or 10000 feet. ED theTangent 
of the fame Angle. CB the length of 
the Secant above the Radius, at any 
leffer Angle, as BAF. and CF the 

Tan- 
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Tangent of that laft Angle. Tis e- 
vident that the Angle DFC is the e- 
levation of the fire or light above the 
horizon at any given Point F. and 
that in the plain Triangle DCF the 
Angle DCF is given, equal to a right 
Angle, and to the Angle FAB. FCB 
is its complement ; and equal to the 
fum of the remote Angles CFD, and 
CDF'. The including fides alio CF 

and 
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and CD are given ; the former be¬ 
ing the Tangent of the given Angle 
FAB, and the latter the difference of 
the Secant of the fame Angle from 
the greateft Secant. So that by the 
known Rule of plain Trigonometry, 
as the fum of the fides, CF -f CD, is 
to their difference, CF—• CD, or 
CD*^ CF: So is the. Tangent of 
the Semifum of the Angles,, CFD -F 
* CDF ~ 2 FCB, to the Tangent of 
their Semidifference. Which Semi¬ 
difference fubftra&ed at remoter and 
added at nearer diftances to that Se- 
mifum; gives the Angle fought 
CFD. QE.I. 

According to this Rule the follow¬ 
ing Tables are made to every Mi¬ 
nute, or Geographical Mile ; for the 
eafe of all that may ufe this Method, 
and may defire fome exa&nefs there¬ 
in. 


Table 
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Table the firft, for the utmoft Alti¬ 
tude of 6400 feet, and 40". 


Miles 
di fiance 


3 

4 

5 

6 

7 

8 

9 

to 

11 

12 

13 

14 

>5 

16 

17 

18 

1 

1 9 

20 

21 

22 

2 3 

24 

25 

26 

27 

28 


Angle above 
the Horizon. 

46-25 

27-42 

I?--16 

H - 4 ° 

11-yo 

10—20 

7—55 
6—yo 

5 -- 55 

5-20 

4-*4 

4-30 

4- 8 

3-52 

3-37 

5--23 

3-11 

3- o 

2-yo 

2-41 

2-33 

2-2y 

2-18 

2—-12 

2 - - 6 

2- I 

i-55 


Miles 

difiance. 

29 

3 ° 

3 1 

32 

3 ? 

34 

35 

36 

37 

38 

39 

40 

4 1 
4 * 

43 

44 

45 

4 d 

47 

48 

49 
5 ° 
SJ 

52 

53 

54 

55 
5<5 


Angle abova 
the Horizon. 

i-yo 

I——46 

1-41 

1-37 



-24 

*—-20 


1-17 

i-14 

1—12 

1-10 

I-7 

1-4 

o-59 

o-y 7 

o--y 5 

o-53 

o-51 

o-49 

o-47 

o-45 

o-43 

o-41 

o-39 

o-38 

o-36 

Miles 
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Miles 



Angle above 
the Horizon. 

Miles 

diftance. 

57 

0—34 

72 

58 

0—32 

73 

$9 

0-;i 

74 

60 

0-30 

75 

di 

0-28 

7 6 

62 

0——2d 

77 


0-25 

78 

64 

0-24 

79 


0-23 

to 

dd 

0-21 

81 

67 

0--20 

82 

6S 

0-19 

8? 

69 

0——18 

! 4 

70 

0-17 

*5 

7 * 

0-—15 



Angle above 
the Horizon. 



Table the fecond, for the utmoft 
Altitude of 10000 feet, and 50". 


Miles 

diftance. 

1 

2 

3 

4 

5 

6 

7 

8 

9 


Angle above 
the Horizon. 
n 

58—32 

39-1 4 

28-23 

22—11 

18--4 

15-11 

13—id 

11-’41 

10——21 


Miles 

diftance. 

i° 

11 

12 

13 

14 

*5 
1 6 

17 

18 


Angle above 
the Horizon. 
® it 

9—12 . 
8—22 

7-40 

7- 3 

6 - 22 

5 - 5 

5-42 

j S- 21 

s— * 

Miles 
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Miles 

diftance. 

19 

20 

21 

22 

*3 
*4 
*7 
2 6 

27 

28 
29 
3° 

32 

33 

34 
37 

36 

37 

38 

39 

40 

4 1 

42 

43 

44 
47 

46 

47 

48 

49 

fo 


Angle above 
die Horizon. 

0 t 

4 - 46 

4 - 3 ° 

4-16 

4 - 4 

3 - 73 

3 - 42 

3 - 32 

3-22 

3 - 14 

3 - <5 

2-*9 

2-*2 

2-46 

2-40 

2- IS 

2-JO 

2-2f 

2 - 20 

2-1 S 

2 -IO 


2- 7 

2- I 




Miles 

diftance. 

71 

72 

73 

74 
77 

76 

77 

78 

79 

60 

61 

62 

«3 

64 

*7 

66 

*>7 

68 

69 

70 

71 

72 

73 

74 
77 

76 

77 

78 

. 79 

80 

81 

82 


Angle above 
the Horizon, 
o 1 

I-24 

I_21 

I-18 

I-If 

1 — 12 

I-IO 

1 — 8 

1-6 

1-4 

o——y8 

o-f6 

o-ff 

o— si 

O--f2 

o-yo 

o-49 

o-47 

o-46 

o-44 

o-4} 

o-41 

o——40 

o-38 

o-36 

o-34 

o-33 

o-31 

O-30 

o-28 

o——27. 


G ' Miles 
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Miles 

diftance. 

8J 

8'4 

8? 

86 

87 

88 

89 

90 

9 1 

92 
• 93 

94 


Angle above 
the Horizon, 
o it 

o-26 

o-24 

o-23 

O-21 

O-20 

o-19 

o-.18 

o-17 

at-if 

o-14 | 

o-13 1 

a-12 l 


Miles 

diftance. 

9f 
9 6 

97 

98 

99 

100 

101 

102 

103 

104 
IOf 

106 


Angle aboVfc 
the Horizon: 

o N 

O--11 

o-10 

o- 9 

a- 8 

a- 7 

o- 6 

o- 4 

o- 3 

o- 2 

O- I 

O’- Or 


N. B. It appears by thefe Tables 
that the diftance will never be lefs 
exa£t in this Method than is the 
Obfervation of the Altitude ; fince 
one Mile here never correfponds to 
lefs than one Minute ; but that ge* 
nerally the diftance is much more 
exa£t than the Obfervation : Since 
one Mile commonly correfponds to 
confiderably more than one minute > 
nay at very near diftances to more 
than one whole Degree ; as is evi¬ 
dent by infpe&ion. As for the ob- 

fervation 
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fervation of the Azimuth, *tis too 
eafie to need any demonftration. 

N. B. If the Eye be elevated a- 
bove the furface of the Sea, it will 
fee the fire or light farther; accor¬ 
ding to the following Table, 


Miles 
jdi ftance. 

1 

2 

3 

4 

6 

7 

8 

9 

10 

11 

12 


Elevation 
in feet. 


4 
8 

if 

*3 

34 

4 f 

5 7 
71 
8 $ 

107 

128 


XI. If the fire or light be rendred 
compleatly vifible during the in- 
tire time of the afcent or defcent, 
as in the ordinary Sky-rockets, its 
Diftance may be exactly deter¬ 
min’d alfo from the time it ap¬ 
pears above the Horizon, by the 
G 2 ufe 
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ufe of the following Tables, even 
without the knowledge of the 
Angle of Elevation. 


A Table of the number of feet that 
Bodies fall or rife, as far as 25". 
of Time. 


"I feet. 

1 16,1 

I ?r <4 

2 64,4 

I 100 

3 I 4 f 

I m 

4 

I 320 

5 40* 
I 48? 

6 f8o 

4 67s 

7 789 

f 902 

8 1030 
f ‘ 1160 

9 12 94 

f 1442 

10 1610 

k 1772 

it 1948 
| 2125’ 
12 2318 

f 2^12 

J 3 U 72 J 


,r feet, 

f 2930 

14 3156 
# 3381 

iy 3622 
f 3864 

16 4122 

? 4579 

17 4655 

? 4927 

18 y216 

i yyo6 

19 5812 
f 6118 

20 6440 
f 6762 

21 7100 
I 7438 

22 7792 

I' 8147 

23 8p7 

I 8887 
,24 9273 
? 9660 

2f IOQ62 


N.B. 
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i\£ B. That if we allow in this 
Table the odd 40 and 62 feet, over 
againft the greateft Altitude, of 20". 
and 25". for the fmall refiftance of 
the Air, we (hall then have the even 
Numbers 6400 and 10000 feet for 
the real perpendicular Altitudes re- 
fpe&ively; as we have all along 
fuppos’d them to be. 

A Table of the Excefs of the Secants 
in Feet, above the Earth’s Semi* 
diameter, as far as i°. 46". 


» 

feet. 


r 

feet. 

I 

1 


1 6 

227 

2 

4 


17 

2f6 

3 

8 


18 

288 

4 

if 


19 

321 

5 

*3 


20 

357 

6 

34 


21 

393 

7 

45 


22 

43 ° 

8 

57 


*3 

470 

9 

7 i 


24 

512 

JO 

88 


2 5, 

556 

ii 

107 


26 

60 j 

12 

128 


17' 

<547 

*3 

ifi 


28 

695 

*4 

174 


29 

745 

*5 



3 °i 

793 
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1 

feet. 

t 

3 1 

8 n 

6 * 

3* 

909 

66 

33 

968 

67 

34 

1026 

68 

35 

1088 
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1493 
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1800 

79 
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1882 

80 

47 
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81 

48 

2047 

82 
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2134 

83 

5° 

2222 

84 

yi 

2312 

85 

5* 

2404 

86 

S3 

2497 

87 

54 

202 

88 

55 

2688 

89 

5* 

2787 

90 

57 

2887 

9i 

5« 

2991 

92 

59 

3093 

93 

60 
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94 

61 

33°5 

95 

62 

34*5 

96 

*3 

3526 

97 

64 

3639 
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3870 

3988 

4118 

4229 


4353 

4479 

4608 

473 $ 
4866 

4998 

5*3* 

5* 69 
54$7 
554 * 
5:687 
5830 
5974 
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6422 

6 573 
6726 
6882 
7039 
7199 
7360 
75 22 
7686 
785*2 
8020 
8190 
8562 

8536 
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r 

feet. 

r 

feet. 

99 

8611 

103 

94*9 

100 

8887 

104 

9614 

IOI 

9066 

loy 

9799 

102 

9246 

106 

998 6 


Af. B . The Rule for Pra&ice is 
this : Obferve the Number of the 
Seconds of Time that you fee the 
Fire or .Light, either afcending or 
defending, in the former Table ; 
with its correfponding Number of 
Feet. Take this Number of Feet 
out of the entire Number, and 
keep the Remainder. For where 
that Remainder is found in the lat¬ 
ter Table, you will find the true Di- 
ftance over againft it. e. g. Suppofe 
the Light or Fire is obferv’d to take 
up 11”. or a fifth Part of a Minute,, 
in its vifible Afcent or Defcent. The 
correfponding Number of Feet in 
the former Table of 6400 Feet for 
40". is 2318, which deducted from 
6400, leaves 408a, for the Diffe¬ 
rence : Which Number in the other 

Table 
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Table correfponds to about 68\ 
and (hews that the real Diftance 
fought, is about 68 Minutes, or 
Geographical Miles. And in the o- 
ther Altitude of 10000 Feet for 50". 
the correfponding Number of Feet 
is the fame, 2318; which deducted 
from 10000, leaves 768a, for the 
Difference : Which Number, in the 
other Table, correfponds to about 
93'. and (hews that the real Diftance 
is in that Cafe 93 Minutes, or Geo¬ 
graphical Miles. The Demonftra- 
tion is eafy from the former Scheme. 
For DB - DC s= CB, and fo DA 
*-• DC s=* CA. or the Difference of 
the Iargeft Secant, and of any Part 
of it vifible in another Horizon, as 
at F, is equal to the Secant of that 
Angle DAF, or of the Arch BF, 
which is the Diftance required. On¬ 
ly if the Bottom of the Atmofphere 
be too thick to permit the Light or 
Fire to be feen to any certain Alti¬ 
tude, 
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tude, allowance muft be made for 
the fame, in the ufe of thefe Tab¬ 
bies. 

XII. When a Sound and a Light are 
made at the fame Place, either at 
the fame time, or at any given 
Interval ; the Diftance of fuch 
Sound and Light from the Audi¬ 
tor or Spectator tnay be exactly 
determin’d. 

For if they are made at the very 
fame time, the Difference of the Ve¬ 
locity of Light, which is, phyfically 
fpeaKing,inftantaneous,and ofSound, . 
which goes Eight meafur’d Miles 
in Thirty feven Seconds, will, with 
great Exa&nefs, determine that. 
Diftance. And if there be a given 
Interval between them, it is eafily 
allow’d for. 

N. B. But for the greater eafe and 
readinefs of knowing this Diftance, 
wherever the Ball of Light or Fire is 

H vifi- 
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vifible, either all the way up and 
down, or even barely up or down ; 
the following Tables, deriv’d from 
the two foregoing, will, by Inlpe- 
&ion, immediately fhew it, to every 
half Second of Time*, both for the 
utmoft Altitude of6400 feet,and 40". 
and of 10000 feet, and 50". in cafe 
the Time be reckon’d half that 
which pafles from the afcent of the 
Body above the vifible Horizon, till 
its defcent below it again ; without 
any farther Trouble. 

A Table of Miles diftance from the 
Explofion, for the Altitude of 
6400 Feet and 40". as alfo for 
10000 Feet and 50". 

Miles 
diftant. 

83 
8j 
8a 
8 a 
81 
81 
80 

40’'. 
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r? 

| Miles 
diftant. 

| 

40". » 

Miles 

diftant. 

& 

2 

79 

*4 

60 

• . 

2 

78 

1 

2 

f8 

77 

if 

f* 

9 M 

76 

1 

2 

f« 

2 

i 7 f 

l6 

fo 


73 

2 

47 


i 72 

17 

44 

,X J 

7 i 

1 

2 

40 

2 

70 

• 18 

3 « 


68 

1 

2 

3 ° 

2 

66 

19 

26 

* 3 ± 

64 

2 

2 

I18 

2 

62 

20 

100 


n 

X 

2 

3 

4 
f 
6 

7 

8 

9 


1 

2 

2 

1 

2 


Miles 

diftant. 

106 

106 

106 

106 

106 

106 

IOf 

ioy 

IOf 

104 

i°4 

10; 

IOJ 

102 

102 

IOX 

IOI 

IOO 


f° 


•t n 


H 4 


10 


12 

f 

2 

>4x 

2 

, r. 

2 

16 


17 

18 


Miles 

diftant, 

99 

98 

97, 

9f 

94 

9J 

9 * 

9i 

89 

88 

87 

86 

84 

82 

80 

78 

76 

74 


fo' 
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yo". " 

[Miles 

diftant. 

..n n 
. 

Miles 

diftane. 

§ 

7 * 

22 


19 ! 

69 
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46 

2 
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2; 

4 1 

20 

1 

2 

64 

k 

2 


61 

24 1 

29 

21 


ij 

20 

1 

2 

S 4 

2 y 1 

00 


N. B. If this Method by the Time 
be made ufe of in the greater, and 
that by the Altitude above the Ho¬ 
rizon in the lefler Diftances> the 
Meafures will be the moft exaft. 

i\£ B. This Method by the Time 
is very eafy for Practice; becaufe it 
requires only the counting of a few 
Seconds or half Seconds. Nor is that 
Inaccuracy which appears at near 
Diftances of any great confequence ; 
becaufe the very guefs at the Alti- 
tude will there fufficiently correct it; 
and becaufe near the place of Explo- 
fion there will be little occafion for 
any nice Obfervations at all. 

i\£ B. This Method, if it reach 
to afeent and defeent alfo, is alfo ex¬ 
ceeding 
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ceeding ufeful; becaufe it will (hew 
the Altitude and Diftance,even when 
Clouds intercept the fight, of the 
Shell near the top, as will fometimes 
happen : fince the Time between 
the firft and laft fight of the Shell in 
its afcent above and defcent below 
the Horizon, on which the whole 
depends, is not affected by it; i. e. 
wherever there is any fpace between 
the Clouds and the vilible Horizon : 
otherwife there is no room for this 
Obfervation. 

N. B. But becaufe the longer time 
the combuftible Matter is in burn* 
ing the lefler muft be its Light, the 
beft way of all feems to be that of 
making it take Fire fome time be¬ 
fore it comes to the utmoft Elevati¬ 
on, and to make it burn fome time 
after. This will ferve every Inten¬ 
tion as near as may be. It will give 
the Diftance by the Elevation every 
where: and afro by the Time in re* 

moter 


Digitized by Google 



6i A New Method 

moter Diftances, where that laft Me¬ 
thod is chiefly ufeful. 

XIII. If the Longitude and Latitude 
of one Place be known, and the 
Diftance and Pofition of another 
be alfo known; the Longitude 
and Latitude of this other Place 
is known alfo. 

This is too obvious to need a De- 
monftration ; and may be eafily 
(hew’d on a Map, with a Pair of 
Compaffes, apply’d to the Scale of 
that Map. 

XIV. If the Longitude and Latitude 
of one Place be known, and its Di¬ 
ftance from another be known al¬ 
fo, and the Longitude of that o- 
ther Place be otherwife known, 
its Latitude is thereby known. 
And if its Latitude be otherwife 
known, its Longitude is thereby 
known alfo. 

This 


Digitized by Google 



for the Longitude. 63 

This is alfo too obvious to need a 
Demonftration ; and may be fhew’d 
on a Map, as well as the foregoing. 

XV. Buoys, Floats, or Sea-marks, 

• near which Ships may keep their 
Stations, may be intirely fix’d at 
Sea in all ordinary Cafes, by An¬ 
chors ; and in extraordinary 
Cafes, where the Ocean is vaftly 
deep, they may be nearly fix’d by 
Weights let down from them 
quite through the upper Currents 
into the ftill Waters below, as near 
as poffible to the Bottom. 

This Matter belongs toTryal and 
Experiments, and is not to be here 
particularly demonftrated. Only we 
may obferve, that the lower Parts of 
the Waters in the Ocean are com¬ 
monly found to be free from the 
Currents and Motions of the higher 
Parts; and that the Method by which 
thofe very Currents are difcover’d, 
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is no other than by thus letting down 
the Lead far below them; which, 
tho’ it touch not the Bottom, yet 
makes the Boat out of which the 
Lead is thrown, in the Words of an 
Eye-Witnefs, * ride as firmly as if it 
'were facetted by the JlrongeJl Cable 
and Anchor to the Bottom. 

N. B. If any Current or ftrong 
Wind does, in fome meafure, carry 
away fuch a Buoy, with any ordina¬ 
ry Leads, orWeights,care is to be ta¬ 
ken that the Cord or Chain be up¬ 
ward as fmall, and make as little Re¬ 
finance to the flowing Water as pof- 
iible ; and that the fame Cord or 
Chain with its Weights or Leads be¬ 
low, be as large and cumberfome, 
and make as great Refiftance to the 
ftill Water below, as poflible : that 
fo the Motion of the Buoy may be 
infenfible. Note alfo that in cafe 
there appear ftill fome Motion, in 


9 PKilot Tranf. Mr. 3 6. Atridg. V«l. 3. f. jjy, 55 6. 
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the Buoy, the Mariners are nicely 
toobferve itsVelocity and Direction ; 
and at convenient Seafons to bring 
it back again, as near as poffible, to 
its original Station. 

N. B. This Buoy, Float, or Sea- 
Mark may be a very ftrong Circle of 
Planks, with a fmall but ftrong Maft 
in the middle, of about 23 Feet high, 
fupported by great Cables, as Braces 
on every fide, and a bright Sphere 
and Lao thorn at the top, for its 
more eafy and remote Difcovery 
from the Ship. 

JST. B. This Buoy will be feen from 
the Maft of a Ship 88 Feet high, by 
the former Table, fag. 51. at the di- 
ftance of full 15 Miles, or any where 
within a Circle of 50 Miles Diame¬ 
ter, which is near 100 Miles in Cir¬ 
cumference. 

N. B> Since the Art of Navigati¬ 
on, and common Practice at Sea af- 
fure us, that a Ship can fail above 
two Points towards the Wind; nay, 

I by 
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by plying in an indented Manner to 
Windward, can directly fail againft 
it; And fince fuch a Buoy will be fo 
far vifible ; it is evident, that when 
there is danger of a Storm, the Sta¬ 
tionary Ship may go 15 Miles to 
Windward ; and that then no Storm 
need drive it out of fight of that 
Buoy, but fuch an uncommon one as 
fhall overcome the Ships attempt to 
fail to Windward 30 Miles, or to 
its attempt to keep within a Circle 
of 30 Miles in Diameter. How* 
ever, 

N.B. If any prodigious Storms 
fliould fometimes drive it out of 
fight of the Buoy, yet will not this 
be any very great or long Inconve¬ 
nience: becaufe, afloon as the Storm 
is abated, they can immediately fail 
into and along the known Parallel, 
of the Buoy, and fo recover their 
former Station near it. Again, 

N. B. Since it now appears by di¬ 
rect Obfervations, as has been alrea¬ 
dy 
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dy hinted, that there are few or no 
Places of the Ocean too deep for 
cafting Anchor, ’tis very probable 
there may be little or no occafion 
for any other way of fixing thefe 
Buoys than that* by Anchors; which 
is the fure, plain, and moft obvious 
Method for that Purpofe. 

• N. B. Thefe Buoys may be placed 
in proper Stations as to Latitude, by 
the known Methods of obferving the 
Latitude; and as to Longitude, by 
the Eclipfes of the Sun, or Moon, or 
of Jupiter s Planets, or by the Moon’s 
Appulfe to fixed Stars ; or rather by 
an actual Menfuration of Diftances 
on the Surface of the Sea by Trigo¬ 
nometry, juft as Monfieur Bicard 
and Cajfini meafuPd the Length of a 
Degree of a great Circle on the Land; 
while theLights to be thrown up from 
the Ships will afford the fame Advan¬ 
tage that any elevated Mark does at 
Land, and while the vaftly greater 
Length of a Balls or measur’d Line 

la on 
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on the Shorethe vaftly greater Di- 
fiances of the Ships ; and the much 
greater Evennefs of the Surface of the 
Sea than of the Land, do give us 
hopes of more Exa&nefs in this Way 
of Menfuration than in any other. 

N.B. By the fame Method, it 
done with fufficient Accuracy, we 
may alfo hope to difcover the Quan¬ 
tity of a Degree in all forts of great 
Circles, and perhaps more exactly 
than even Monlieur Ticard or Caffim 
have been able to do: becaufe we 
may hereby actually meafure a much 
larger Portipn of fuch great Circles 
than they could ; 'efpecially if the 
Sound can alfo be heard at fuch great 
Diftances, and compar’d with the 
other Trigonometrical way of Men-, 
furation. Which Advantage of this 
Method is in it felf very confide*, 
table. Nor is there any Reafoq 
why it may not be put in Practice at 
Land alfo, for the fame Purpofe ; e- 
fpecially on large Continent?. 

i . 
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XVI. If the Altitude of the Sun, at 
the beft Advantage, can be taken 
within four Minutes of a Degree 
at Sea or Land ; the time is there¬ 
by determined to about half a Mi¬ 
nute : if to two Minutes of a De¬ 
gree, the time is determin’d to a- 
bout a quarter of a Minute, even 
in our Latitude ; while nearer the 
Equator the like Limits deter-? 
mine the Time ftill more exa&ly. 

' This the Aftronomers well know s 
and any that obferve in common 
Quadrants how an Hour,in the mid¬ 
dle between Noon and either Morr 
ning or Evening, contains ufually 
about 7 or 8 Degrees of Altitude ; 
while no lefsthan 15 Degrees makes 
an Hour upon the Equator, will eafi? 
ly agree to this Propofitjon. 

£VIL The beft time for the exa^ 
Difcovery of (he Hour at Sea, and 

of 
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of adjufting all Watches or Move¬ 
ments to (hew the fame after¬ 
wards, is that of the rifing and 
fetting of the Sun ; that is, in cafe 
Allowance be made for the Hori¬ 
zontal Refraction of his Rays 
but not otherwise. 

For if the time while the whole 
Body of the Sun is rifing or fetting, 
which may be very nicely obferv’d 
at Sea, be added at Night to, and 
fubftraCted in the Morning from, the 
Time that any Table of its rifing 
and fetting, or a particular Trigono¬ 
metrical Calculation, does deter¬ 
mine ; the Sum in the firft, and Dif¬ 
ference in the fecond Cafe will give 
the true Time when the Sun’s Cen¬ 
ter will appear to be in the very Ho¬ 
rizon. And this becaufe the Sun’s 
Horizontal Refraction is obferv’d to 
be very nearly equal to his apparent 
Diameter. 


MB. 
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AT. ©. The exaCt time of the Sun’s 
riling and letting, from Six a Clock, 
at all Declinations, and in all Lati¬ 
tudes, is found by the following eafy 
Rule of Trigonometry. 

As the Radius: 

' To the Tangent of the Latitude: 
So is the Tangent of the Declina¬ 
tion : 

To the Sine of theHour from Six. 

For an Example. Let us compute 
for the Longeft Day, in the Lati¬ 
tude of 51°. 30'. 

Rad. 90°. Leg. 10.0000000. 
Tang.Lat.fi.3o'Xog. 10. 0993948. 

Dedin. 23.29. Log. 9. 63795-6;. 

Sin. Log. 

i. e. ss 2* 1 . J2*. 28^. Q. E. I. 

Note alfo that the Amplitude can¬ 
not be exactly taken, even at Sea* 
without the like Allowance for Re¬ 
fraction. And the Difference of Am¬ 
plitude, when the firft Edge of the 
Sun touches, and the laft leaves the 

Hori- 
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Horizon, is to be added or fubftra- 
£ted in thisCafe,to or from that when 
it appears to be half fet; in order to 
obtain the Sun’s true Amplitude: as 
well a i we added or fubftra&ed the 
Difference of Time before, for the 
exad Adjuftment of the true Moment 
of its riling and fetting. 

The Solution of the ‘Problem. 

Let a Mortar or great Gun, with 
a Shell that will take Fire at its ut- 
moft Altitude, be difeharg’d perpen¬ 
dicularly 6400 or 10000 Feet high 
above the Surface of the Sea, every 
Night exactly at 1 a a-Clock, and in 
foggy Weather the next Hour after 
the Fog is clear’d up alfo, at all con¬ 
venient Diftances and Situations, and 
from known Places. This Difcharge 
will, by the Diftance and Point of 
the Compafs of its Sound, nearly 
give the Longitude and Latitude to 
all Places or Ships within the hear- 
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ing thereof : And it will, by the 
fame Diftance and Azimuth of its 
Light or Fire, exactly give the 
fame Longitude and Latitude to all 
Places or Ships within the Sight 
thereof; according to the foregoing 
Lemmata. Q, E. I. 

For Example : Let us fuppofe a 
Ships Station to be fixed in a known 
Place, 30 Degrees more Weftward 
than the Meridian of London ; and 
that every Midnight its Mortar or 
Great Gun is difcharged, as before ; 
and that a Ship failing by at 54'. 
40". after Eleven, fees the Fire or 
Light 30'. above the Horizon; i. e: 
by the foregoingTable for 6400 Feet 
Altitude and 40". at 60 Minutes, or 
Geographical Miles diftance. It was 
therefore 12 a Clock at the Hull, 
when it was only u h. 55'. at the 
Ship. So that the difference ofTime 
is 5'. and the difference of Longitude 
upon the Equator i°. 15'. and the 
Ships Longitude from the Meridian 

K of 
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of London is hereby known to be 31°. 
1 ty. Weft ward. 

Suppofe alfo that the Weather be 
fuch that only the Sound can be 
heard, and that it proves to be fo 
weak as to be juftly efteem’d 65 
meafur’d Miles diftant. This Di- 
ftance anfwersto about 5'; of Time, 
for the Interval of the Propagation 
of the Sound : which therefore, if it 
be heard juft at 11 a-Clock at the 
Ship, will imply that when the Ex- 
plotion was made, it was at the Ship 
only 55'. paft 11, the fame Moment 
that it was full 1 2 at the Hull; and 
that therefore the difference of Me¬ 
ridians is the fame as before, viz. 5*. 
in Time, or i°. 15'. upon the Equa¬ 
tor, Weft ward. 

Suppofe farther, that the Light be 
feen at the lame time that the Sound 
is heard; with no other than the 
fmall difference of the flownefs of 
the Sound, ‘in comparifon of the in- 
ftantaneous Motion of the Light; 

and 


Digitized by Google 


for the Longitude. 75 

and that the difference of Time be¬ 
tween the moft elevated Appearance 
of the Light and the hearing of . the 
Sound; (which may be eafily and ex¬ 
actly obferv’d by any tolerable Move¬ 
ment whatfoever, or by a Pendulum, 
that vibrates half Seconds:) be found 
to be 4'. 40". or, which is all one, that 
the intire difference of the Explofion 
made, and of the Sound heard, be 5'. 
in Time. This difference will imply 
the diftance of the Ship from the hx- 
plofion to be 65 meafur’d Miles. 
And if the Sound is heard at the Ship 
54'. 40". after Eleven, the difference 
of Longitude upon the Equator will 
ftill be 1 °. 15'. and the real Longi¬ 
tude from London wijl be 31 0 . 15'. 
Weft ward, as before. 

If the Azimuth of the Fire or 
Light be alfo obferv’d, take with 
your Compaffes from your Scale 
the true diftance, 65 meafur’d 
Miles, and let it from the place of 
the Hull, on the'true Angle, in any 

K a large 
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large Map or Sea-Chart. This will 
determine the very Point where the 
Ship is, both for Longitude and La¬ 
titude. The fame thing may be done 
for the Sound, in cafe the.Point of 
the Compafs be obferv’d alfo. 

If the Latitude of the Ship be 
known, take the known diftance, ei¬ 
ther by the means of the Light or 
Fire feen, or, if the Weather be too 
Foggy for that, of the Sound heard ;* 
and let it crofs the known parallel of 
Latitude in the Chart; and this will 
determine the Longitude. The like 
is to be done for the Latitude, were 
the Longitude firft known. But that 
not being the ufual Cafe, it needs 
not be farthei^infifted on. Nor need 
we fhew how all this may be done 
by Calculation allb, fince thofe that 
underftand any thing of Navigation 
cannot be to feek therein. 

N, B. It is found by Experience, 
that the Light of the Moon is too 
faint to giye much. Difturbanpe to 

_ : th? 
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the Light or Fire here made ufe of. 
Otherwile an Explofion ought alfo 
to be made for feveral Nights before 
the Full, the next Hour after the 
Moon is fet; and for feveral Nights 
after the Full, the next Hour before 
the Moon is rilen ; befides the ordi¬ 
nary ones at Midnight. 

• iV. B. Since the Wind is very fel- 
dom confiderable in foggy Weather, 
the Sound will be very feldom hin¬ 
der’d by the Wind, when there is 
the greateft occafion for it; that is, 
when the Air is too thick to permit 
the Light to be feen ; which is a 
great Convenience in that Cafe: tho’ 
it muft be own’d, that foggy Wea¬ 
ther does it felf damp Sounds very* 
confiderably. 

N\ B . If what is faid by fome 
well acquainted with Navigation be 
true, viz. that Fogs are much rarer 
jn the main Ocean than near the 
Shores, our Method by the Ball of 
Light, nay, and by the Sound alfo, 

will 
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Horizon, is to be added or fubftra- 
fled in thisCafe,td or from that when 
it appears to be half fet; in order to 
obtain the Sun’s true Amplitude: as 
well a 3 we added or fubftra&ed the 
Difference of Time before, for the 
exa&Adiuftmentof the true Moment 
of its rinng and fetting. 

The Solution of the ‘Problem. 

Let a Mortar or great Gun, with 
a Shell that will take Fire at its ut- 
moft Altitude, be difeharg’d perpen¬ 
dicularly 6400 or 10000 Feet high 
above the Surface of the Sea, every 
Night exactly at 1 a a-Clock, and in 
foggy Weather the next Hour after 
the Fog is clear’d up alfo, at all con¬ 
venient Diftances and Situations, and 
from known Places. This Difchaige 
will, by the Diftance and Point of 
the Compafs of its Sound, nearly • 
give the Longitude and Latitude to 
all Places or Ships within the hear- 
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ing thereof : And it will, by the 
fame Diftance and Azimuth of its 
Light or Fire, exa&ly give the 
fame Longitude and Latitude to all 
Places or Ships within the Sight 
thereof ; according to the foregoing 
Lemmata. Q, E. I. 

For Example : Let us fuppofe a 
Ships Station to be fixed in a known 
Place, 30 Degrees more Weftward 
than the Meridian of London ; and 
that every Midnight its Mortar or 
Great Gun is difcharged, as before ; 
and that a Ship failing by at 54'. 
40". after Eleven, fees the Fire or 
Light 30'. above the Horizon ; i. e: 
by the foregoingTable for 6400 Feet 
Altitude and 40". at 60 Minutes, or 
Geographical Miles diftance. It was 
therefore n a Clock at the Hull, 
when it was only 11 h. 55'. at the 
Ship. So that the difference ofTime 
is 5'. and the difference of Longitude 
upon the Equator i°. 15'. and the 
Ships Longitude from the Meridian 

K of 
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of London is hereby known to be 31°. 
15'. Weft ward. 

Suppofe alfo that the Weather be 
fuch that only the Sound can be 
heard, and that it proves to be fo 
weak as to be juftly efteem’d 65 
meafur’d Miles diftant. This Di- 
ftance anfwersto about 5'. of Time, 
for the Interval of the Propagation 
of the Sound : which therefore, if it 
be heard juft at 11 a-Clock at the 
Ship, will imply that when the Ex- 
plolion was made, it was at the Ship 
only 5 5'. paft 11, the fame Moment 
that it was full 12 at the Hull; and 
that therefore the difference of Me¬ 
ridians is the fame as before, viz. 5*. 
in Time, or i°. 15'. upon the Equa¬ 
tor, Weft ward. 

Suppofe farther, that the Light be 
feen at the lame time that the Sound 
is heard; with no other than the 
(mail difierence of the flownefs of 
the Sound, ‘in comparilbn of the in- 
ftantaneous Motion of the Light; 

and 
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and that the difference of Time be¬ 
tween the moft elevated Appearance 
of the Light and the hearing of . the 
Sound; (which may be eafily and ex¬ 
actly obferv’d by any tolerable Move¬ 
ment whatfoever, or by a Pendulum, 
that vibrates half Seconds:) be found 
to be 4'. 40". or, which is all one, that 
the intire difference of the Explofion 
made, and of the Sound heard, be 5'. 
in Time. This difference will imply 
the diftance of the Ship from the Ex- 
plofion to be 65 meafur’d Miles. 
And if the Sound is heard at the Ship 
54'. 40". after Eleven, the difference 
of Longitude upon the Equator will 
ftill be 1 °. 15*. and the real Longi¬ 
tude from London wi]l be 91°. 15'. 
Weftward, as before. 

If the Azimuth of the Fire or 
Light be alfo obferv’d, take with 
your Compaffes from your Scale 
the true diftance, 65 meafur’d 
Miles, and fet it from the place of 
the Hull, on the'true Angle, in any 

K a large 
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large Map or Sea-Chart. This will 
determine the very Point where the 
Ship is, both for Longitude and La¬ 
titude. The fame thing may be done 
for the Sound, in cafe the.Point of 
the Compafs be obferv’d alfo. 

If the Latitude of the Ship be 
known, take the known dittance, ei¬ 
ther by the means of the Light or 
Fire feen, or, if the Weather be too 
Foggy for that, of the Sound heard •* 
and let it crofs the known parallel of 
Latitude in the Chart; and this will 
determine the Longitude. The like 
is to be done for the Latitude, were 
the Longitude firft known. But that 
not being the ufual Cafe, it needs 
not be farthei;jnfifted on. Nor need 
we (hew how all this may be done 
by Calculation alfo, fince thofe that 
underftand any thing of Navigation 
cannot be to leek therein. 

N. B. It is found by Experience, 
that the Light of the Moon is too 
faint to giye much Difturbanpe to 
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the Light or Fire here made ufe of. 
Other wife an Explofion ought alfo 
to be made for feveral Nights before 
the Full, the next Hour after the 
Moon is fet; and for feveral Nights 
after the Full, the next Hour before 
the Moon is rilen ; befides the ordi¬ 
nary ones at Midnight. 

• N. B. Since the Wind is very fel- 
dom confiderable in foggy Weather, 
the Sound will be very feldom hin¬ 
der’d by the Wind, when there is 
the greateft occafion for it; that is, 
when the Air is too thick to permit 
the Light to be feen ; which is a 
great Convenience in that Cafe: tho’ 
it muft be own’d, that foggy Wea¬ 
ther does it felf damp Sounds very * 
confiderably. 

N. B. If what is faid by fome 
well acquainted with Navigation be 
true, viz. that Fogs are much rarer 
in the main Ocean than near the 
Shores, our Method by the Ball of 
Light, nay, and by the Sound alfo, 

' will 
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will be there lefs interrupted than at 
sind near the Coafts^ to the great 
Advantage of the moft difficult Part 
of our intire Difcoverv. 

N.B. If the Publick be willing to 
fave part of the Charges of this in¬ 
tire Method, and be contented with 
the Light, without any very great 
Sound ; a moderate Mortar, and no 
great Quantity of Gun-Powder will 
fuffice. But if it be thought fit to 
have the Sound as well as the Light, 
in their utmoft Perfection, the larg- 
eft Cannon-Royal, and its intire 
Charge of Powder, will be but ne- 
ceflarv. Or it may be fo contriv d, 
that there be every where both a 
moderate Mortar for clear, and the 
Jargeft Cannon-Royal for foggy Wea- 
‘ther. 

N. B. If there be any danger of 
miftaking one Explofion for another 
in any Cafe, the Light may be di- 
verfify’d; and Balls of Fire whi¬ 
ter, redder, and bluer made ufe of. 
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in a Row, according to one conftant 
Order. Or, as my Lord Tembroke 
very well propos’d, the firft Explo- 
fion may be fingle, the fecond in or¬ 
der double, at a certain Interval of 
Time ; the third double at twice 
that Interval; the fourth double at 
thrice that Interval; and fo on. By 
either of which Provifions this Am¬ 
biguity, if it any where (hould be 
ful'pected, may be intirely preven¬ 
ted. Tho* indeed at that great Di- 
ftance of about 600 Miles, which 
we propofe the Explofions at Sea to 
be from one another, any fuch Mi- 
ftake is there next to impoffible. 

N. B . In cafe fome parts of the 
Ocean prove fo very rough and ftor- 
my that no Ships care to have their 
Stations in them, the way to recover 
the Longitude, which may be by 
this means interrupted, is rightly 
propofed by Sir IJaac Newton him- 
ielf, in his Paper deliver’d in to the 
Committe of the Houfe of Com¬ 
mons, 
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mons, viz. to fail obliquely from the 
laft Buoy and Stationary Ship into 
the Parallel of the next, and lo along 
the fame; till upon approaching to 
to them the Longitude be anew re¬ 
cover’d, and the Voyage be continu¬ 
ed as before. Nor is this Inter¬ 
ruption of any confequence ; be- ' 
caufe it cannot happen but in Places 
where there is no Danger of this 
Nature ; and where Seamen are un¬ 
der no great Concern for the know¬ 
ledge of the Longitude. 


OBSER- 
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OBSERVATIONS. 

(i.)TF in all proper Roads of Ships 
A fuch a Mortar, or Great Gun 
be plac’d and difcharg’d, exactly e- 
very Midnight, whether on Shoars, 
or Klands, or in the Stationary Ships, 
at the pittances of about 600 Geo¬ 
graphical Miles or 10 Degrees, All 
other Ships that fail within any to¬ 
lerable Diftance may commonly e- 
very Week or Ten Days thereby 
correct their Reckoning, and know 
their Longitude, as well as Latitude, 
even when the Heavens are not 
clear enough to make Celeftial Ob- 
fervations for either. 

(1.) The Ordinary Watches,Move- 
ments, or Log-Lines in Ships, when 
thus Corre&Sl and Adjufted, once 

JL in 
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in a Week ot Ten Days, will well 
enough (hew the Longitude during 
every one of thofe fhort Diftances 
between the Stationary Ships; and 
fo will render the Knowledge there¬ 
of ftill more univerfal. 

(%.) The exa&er therefore any 
Movements that may be ufed at Sea 
can be regulated, and adjufted to an 
even Motion, the more beneficial 
will they be in this Method. So 
that tho’ any fuch Movements fhould 
not fucceed fo far, as themfelves to 
difcover the Longitude alone, of 
which there is indeed fmall Hopes ; 
yet if they be at all improv’d they 
will give Affiftance in this or any 
like Method for its Difcovery ; and 
will therefore juftly deferve from the 
Publick both Approbation and En¬ 
couragement. 

(4.) If one fuch Row of Stationa¬ 
ry Ships be any where found too 

de- 
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defective, a double Row may there 
be laid, Pair by Pair, in the fame [or 
equidiftant] Meridians; with proper 
Diftin&ions in the Sounds, or the 
Light, to prevent miftaking one Row 
for the other. Nor will there, in 
this Cafe, be room .for almoft any 
Uncertainty, fince even in Cloudy 
Weather, as much as the Wind car¬ 
ries away the Sound of any one, fo 
much will it ufually bring the Sound 
of another. 

(5.) If it be any where neceflary, 
Mafts may be Erected upon Hollow 
Empty Veflels, with White Spheres 
at their Tops; and thefe Veflels 
may be fix’d in proper Places, at 
equal Diftances between the Stati¬ 
onary Ships, for the more fure guid¬ 
ing the other Ships in Places of Dan¬ 
ger. And fince from the Top of a- 
ny Mali that is 88 Feet High, the 
Top of another as high may bedif- 
covered at the Diftance of ?o Miles, 
L a there 



84 'J*k» Method 

there will hardly be occalion for 
more of thefe Veflels any where 
than one every 120 Miles: Nor will 
thefe Mafts and Veflels be any An¬ 
nual Charges at all. 

( 6 .) Befides the Mortars or great 
Guns, and their folemn Explofions ; 
In proper Places, at feveral Havens, 
where there is any Danger at the 
Entrance of Ships, as well as at o- 
ther convenient Promontories jet¬ 
ting out into the Sea, a Rocket may 
be thrown up from the Top of a 
Neighbouring Steeple, or Hill, or 
the like moft elevated Place, every 
Midnight, or Watch, or Hour, for 
the Seamens better Dire&ion and 
Security. 

(j.) Signals of all Sorts may be gi¬ 
ven by this Method, by mutual A* 
greement. As fuppofe in Storms 
we would know which way, and 
n how ftrong the Wind is at the nearr 

eft 
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eft Explofion, l$c. Other Ships 
may thus give Signals of Diftrefs to 
the Stationary ones, or to one ano¬ 
ther. The News of great Events 
may be alfo this way carried very 
foon over the Sea; efpecially, if any 
Ships were plac’d within Sight and 
Hearing of each others Signals, as a 
Fleet may fail in Times of Peace, is’c. 
In fhort, no one knows how far this 
Method of Communication by thefe 
Kinds of Signals may be improv’d ; 
and how great a Convenience may 
hence arife to theTeveral Parts of 
the Globe; efpecially in the Way 
of Trade and Commerce; and even 
for the Propagation of Knowledge 
both Divine and Human through? 
out the World. 

(8.) If in any clear and calm Nigh|: 
a fufficient Number of fuch Explo^ 
fions were made at proper Di- 
ftances in any Country, and con-r 
vey’d in order from one to another ; 

* fo 
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fo that the Second Mortar or Gun 
were fired when the Light of the 
Firft was feen, or otherwife; with 
the Obfervation of the exadt appa- 
rent Times when they were made, 
when the Light was feen, what An¬ 
gle, or how long that Light was above 
the Horizon, and what Azimuth it 
had ; both the Longitude and Lati¬ 
tude, as well as the Diftance and Po- 
fition of all thefe Places, might by 
this means be readily determin’d at 
Land; especially if the Experiments 
were repeated feveral times, and 
were compar’d one with another. 
And by the fame Obfervations every 
where, the Longitude and Latitude, 
Diftance and Pofition, of all other 
Neighbouring Places from thofe, 
and fo from another, might be rea¬ 
dily determin’d alfo: 

JV. B. This Method of Survey is 
no hard Thing in Practice, even to 
thofe that know little of the Mathe- 

maticks: 
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maticks: For any Right Angle, fet 
by a Plummet or Level, with Two 
Pins or Points, for the Eye and for 
the Objed, does by the Proportion 
of its Sides give the Angle above the 
Horizon ; by the Angle its Horizon¬ 
tal Side makes with the Meridian, 
it gives the Azimuth; and by the 
Interval of Time between the Light 
and Sound, it gives the Diftance of 
every Place from that of Explofion, 
according to the Figure following. 



Where A B reprefents the Horizon¬ 
tal Side of the Norma or Square, 
and B C the Perpendicular Side; 

whofe 
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whofe Proportion once’ given, as 
fuppofe 80 to 35, the Difcovery of 
the Angle of Elevation C A B is 
mod eafy, as here 23 0 . 38'. Where 
alfo N S. reprefents the Meridian 
Line lying from North to South ; 
and the Angle SAB, fuppofe of 
32 Degrees, 15 Minutes, reprefents 
the Azimuth, Eaftward. We need 
not add that a Plummet of 3 9 t 2‘In¬ 
ches vibrates whole Seconds, as in 
long Pendulums, and of a quarter 
of that Length, or 9,8 Inches long 
vibrates half Seconds, for the Inter¬ 
val of Time between the Light feen 
and the Sound heard. Nor is there, 
we think, any way yet difcover’d of 
Purveying Countries and Kingdoms 
that can compare with this, either 
for Expedition, Certainty or Cheap- 
nefs. A Specimen of which we 
hope foon to give the World in an 
A&ual Survey of Great-Britain and 
Ireland , and their Coafts hereby ; 
if the Publick pleafe to give us 
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Encouragement and Afliftance there¬ 
in. 


N. B. The Obfervation of the Al¬ 
titude is at Land lefs exadt than at 
Sea, becaufe of the Inequality of 
Hills and Valleys, and the confequent 
Uncertainty how high any Mortar 
or Gun is abo.ve the level Surface of 
the Sea. However, it is plain that 
we don’t want that Method in this 
Land Survey; becaufe we can place 
our Mortars or Guns fo nigh, and 
take fuch clear and calm Weather 
for our Obfervations, that the Sound 
will more than fupply that Defedt. 
Which Method of knowing Diftan- 
ces, by the Interval of the Sound, 
is now, from the nice Experiments 
made by the Italians , the French , 
and by opr Famous Mr. Flamfteed 
and the ftill more authentick 
ones of the Accurate Mr. Der - 
ham , become the moft exadl of all 
others for this Purpofe. In order 

M to 
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to which Detfgn, I do here propofe 
a Table for the Eafe of all that 
make ufe of the lame Method. See 
Mr. Derharns full Account of this 
Matter, TranfaB. Thilofoph. N°.g 13. 

A Table of the Velocity of Sounds 
in (till Weather at 114a Feet to 
one Second of Time. 


Statute 

Interval of 

Miles, 

H the Sound. 

1 

4 t 

2 

9 i 

3 


4 

18 £ 

f 

2 ?T 

6 

2 7 ! 

7 

3 2 4 

8 

37 

9 

4U 

10 

46 i 

11 

S°T 

12 

ffk 

13 

60 i 

14 

64! 


694. 

16 

74 

*7 

78* 

18 

831 


Statute 

Interval of 

Miles. 

rr the Sound. 

19 

87 i 

20 

9 2 ? 

21 

97 t 

22 

1011 

2 ; 

1064 

24 

hi 

2f 

Hf r 

26 

120 £ 

27 

124^ 

28 

129 f 

29 

I 34 v 

3 ° 

I ?81 . 

31 

*43 i 

32 

148 

33 

15 2 *‘ 

34 

^ 7 ? 

3 f 

[i6i^ 

36 

1661' 


Statute 
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Statute 

Interval of. 

Statute 

Interval of 

1 

1 

Miles. 

M the Sound. 

Miles. 

" the Sound. 


37 

171 i 

44 

20? | 


3 «. 

17 $ i 

4 f 

208 4 

j. 

39 

180 4. 

46 

211 ! 

| 

40 

l8y c 

47 

2*7 4 

r 

4 i 

189 T 

48 

222 

ti 

42 

194 4 

49 

226 | 

1 

43 

198 T 


231 4 

!■ 


N. B . Double or triple the Se¬ 
conds belongs to double or triple j 

the Number of Miles. So that this j 

Table will ferve for any Diftance I 

and Time whatfoever. i 

N.B. Mr .‘Derbam, in his Account 
of Sounds, did not only ftate this • ; 

their Velocity with great Exa&nefs, 
which is the principal thing in fuch 
a Survey; but did propofe this very | 

life of it alfo, as to fmall Diftances, j 

fo nearly to the prefent Obferva- ! 

tion, that he is to be allow’d to have j 

gone a great way towards this Branch 
or Ufe of our Difcovery. ! 

Ms MB. 1 
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N. B. Yet may it be proper, 
fore any new Survey is made 
this Method, to have this V" fc 
city of Sounds try’d at larger ylo- 
ftances than that of twelve or 
teen Miles, which was the far^rr 1 *’* 
-that Mr. Derham had Opportu^ 
for. 1 mean at 30, 40, or 50 Af//^ 
diftance, where the Sound can be 
heard fo far; and this in fome plain 
Country, and where the Diftance 
can be exactly meafur’d, in a ftrait 
Line, at the fame Time. Which 
Tryal, if once done with fufficient 
Accuracy, will fettle this Point for 
ever. The Re&ilinear Canal call’d 
New Bedford River in the lfle of Ely, 
and the famous and ftrait Roman 
Road call’d IVatlrng-Street , efpecially 
as it paflfes very nearly in a direft 
Line through the plain Couutry of 
Staffordjhire , feem very fit place* 
for this Experiment; and according¬ 
ly in the Survey we are now going 

upon 
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upon, we have pitch’d upon them 
for the fame Purpofe. 

(9 ) The way of cafting a Shell 
to any Height is very eafy: for the 
fame Force or Charge of Gun-Pow¬ 
der that will caft any Shell twice as 
far for it utmoft Random, at the fi¬ 
le vation of 45 Degrees, will certain¬ 
ly caft the fame Shell perpendicu¬ 
larly upward as high as is requir’d; 
as we have already obferv’d. And 
fince the Time of any fuch entire 
perpendicular Projection, or Afcent 
and Defcent together, may be 
known from a former Table; We 
have another fure Way of Adjufting 
the fame Projection to.that Height ; 
viz . by obferving what Quantity of 
Powder will caft the Shell high e* 
nough to ftay a certain Interval in 
the Air,before it falls to the Ground} 
only the Refiftance and Retardation 
by the Air is to be diftinCtly al¬ 
low’d for. 


94 . A -Afab Method 

(l°.) This Method of firing F* 
der, or other combu ftible \v % 

at, or very near the u tmoft He$ ^ 
may be well enough put in P ra< ^|^ % 
even tho’ fome confidera bie Ce » 

ihould be committed, in the ac| j^*? r 
ing the Fufee to give Fire at 
a Time. Since the Miftake of * 
a Fifth Part in Time, in that Cafe 9 
would produce but an Error of the* 
a5th Part of the whole Altitude; 
and the Miftake of a Tenth Part in 
Time, would occafion an Alteration 
of no more than the Hundredth Part 
thereof. This is evident, becaufe 
this Time belongs to the higheft: 

Part of the Projedils Motion, which 
isthelloweft: And becaufe the Lines 
defcrib’d by all Afcending and De- 
fcending Bodies are ftill in a Dupli¬ 
cate Proportion of the Times of fuch 
their'Aicent and Defcent. 

(u.) 
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(11.) If one or more Rows of 
fuch Stationary Ships were laid in 
the fame or Equidiftant Meridians, 
Southward or otherways,Ships might 
with greater Safety than formerly 
go to difcover thofe Parts of the 
Globe which are hitherto undifco- 
ver’d. Nor can we at prefent guefs 
what Advantages may thereby ac¬ 
crue to the Parts of the World al¬ 
ready difcovered. 

(ia.) If Foggy Weather be not 
fufficientfy provided for by what 
has been already mention’d, 
the Stationary Ships may be laid 
clofer, at leaft near the Shore; that 
fo the occafional Defeat of one, or 
fometimes two Explofions, i. e of one 
intire Stationary Ship’s Afliftance, 
may not produce any confiderable 
Error in failing- * Tho’ it muft be 
remembred, that this Foggy Wea¬ 
ther hinders the Obfervation of the 

Lati- 




Si Neiv Method 

Latitude; and that Clouds alio 

hinder us not, do jet hind^*\^ 

fame: which Latitude jset is ^ 

efteem’d to be difcover’d not % 

ftanding : and that all the. 

which need enfue thereby is 

the delay of a few Days in a 

age, till the Air clears up : 

the incurring of any Danger J? tJt 

mean time. e 

(13.) Every one of thefe Stationa¬ 
ry Ships may be Places of Obferva- 
tion as to the Variation of the Nee¬ 
dle, to the Currents, to the Soil, the 
Fowls, the Fifties, and other Thceno - 
mem of the feveral Places where they 
are fixed; and an excellent Means 
of keeping up a mutual Correfpon- 
dence between the feveral Parts of 
the Globe, for all ufeful Purpofes 
whatfcever. 

(14.) Thefe Stationary Ships will 
be an excellent Nurfery for skilful 

Sailors; 
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Sailors; and will ufe them to the 
greateft Dexterity in handling and 
working of Ships to the belt Ad van* 
tage. 

(15.) As this Method ought to be 
put in Practice at Sea by the Confent 
of all Trading Nations; fo ought 
every one of the StationaryShips em¬ 
ploy’d therein to have a legal Prote* 
dionfrom them all: And it ought to 
be a great Crime with every one of 
them, if any other Ships either in¬ 
jure them, or endeavour to imitate 
their Explofions, for the Amufement 
and Deception of any. 

(16J Since the Charges of the 
Powder for each Mortar will be ve¬ 
ry fmall ; fince the Shells may be 
generally the fame, and their Con¬ 
tents come to no great Price neither; 
fince the Perfons employ’d in the 
Stationary Ships may be in part ta¬ 
ken out of fuch Places where they 

N are 
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are maintained a f the Publick 



already; and fowill require 


fome AdditionalRewards, or 
Privileges for fuch their Ser^^^* 
fince the Number of fuch Sta^ * *q> y 
ry Ships need be but final 1 , 
more than Fifteen, or Twenty ^ *ely 
raoft; and iince the Land tie 

fions, which wjll be much th^ jp°- 
numerous, will be withal much 
cheapeft; It will appear upon the 
Whole, that the Annual or Conftant 
Expences of this Method will be 
comparatively very imall and incon- 
fiderable ; especially if they are, as 
they ought to be, equally diftribu- 
ted among the feveral Trading Na* 
tions of the World. 


The 
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1 he Advantages of tins Method. 


(i.) T' HIS Method requires 
1 no Depth of Aftronomy, 
no Nicety in Inftruments, and but 
feldom any Celeftial Obfervations at 
all, either as to the Latitude, or the 
Hour at theShip; and fo is to even the 
common Sailors the mofl Tr ache able. 

(2.) It does generally determine 
the very Place of the Ship, both as 
to Longitude and Latitude at once, 
and fb is the mofl Compendious. 

(3.) It does generally determine 
the very Place to a few Miles, at the 
fartheft ; and fo is the mofl Accurate. 

(4.) It fometimes affords Help e* 
ven in Cloudy and Foggy Weather, 
when no Celeftial Oblervations can 


be made, and the Latitude it felf 
cannot be otherwife found, and fo is 
the mofl General. 

(5.) It will frequently afford a 
double Obfervation Two fucceflive 


Nights, from the fame Stationary 

N 1 Ship 
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Ship to the fame (ailing Ship, 
is the moji Secure . ^ f, 

( 6 .) It will frequently affo^ 
double way of Observation a^. m a 
fame time,by theEye and by the 
which will confirm or correct ^*<5 
another; and fo is the moji 

(7.) The more inaccurate 
by the Sound, is not only more 
verfal than the .other; but is %if~ 
much more exaft than any Method 
formerly difcoverd : So that in that 
Cafe this Way is certainly the very 
Befi. 

(8.) It is the moft undoubted and 
exa£fc near the Shores, where there 
is the greateft Want and Danger: 

And if it (hould at all be deficient, 
it is in the wide Ocean, or there on¬ 
ly where there is no fuch Danger, 
and hardly any Occafion for know- « j 
ing the Longitude,as has been fliew’d ( 

already. So that on all Accpunts 
it is plainly the moji Ufeful and Ad¬ 
vantageous. 

AT- ; 
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AT. 5 .TT being of great Advan- 
1 tage, both in our prefent 
Survey of this Kingdom, and upon 
many other Occafions, to know the 
true Altitude and Diftance from the 
North of the Pole-Star at all times : 
I (hall here add Tables to find the 
fame to every half Hour of its di¬ 
ftance from the Meridian, for the 
Latitude of 53 0 . which is nearly that 
of the middle of England, and Ire* 
land ; and they will well enough 
ferve for both Kingdoms, and for all 
other Countries that lie in the fame 
Parallels with them. 


Hours. 

xii r xii 
f * 

xi 1 

* * 

X II 

' * * 

IX HI 
I i 

VIII IV 
f I 

VII v 

* A 


Diff. Altitude 
above the Pole, 
o t 


2 12 7 

2 8 \ 
2 2 7 

I *4 i 
I 44 t 
1 32 f 

I 18 rl 

* 3 r 

o 48 
O 51 i 
o 14 


Diftance from 
the North. 

• » 

o o 
o 30 7 

I O T 

I 29 rf 

1 f 6 

2 20 v 

2 42 t 

3 O 

; 16 i 

3 *8 •{ 

3 3 6 J 
I J « ? 
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Hours, j 

Diff Altitude 
below the Pole, 

O f 

iDUt. from fheAT^ 

VI 

VI 

O 

7 - 

j i 1 

( 3 4 * J 

i 

1 

2 

O 

20 T z 

I 3 3 8 

V 

VII 

O 

38 

3 * r , 

* 

1 

2 

O 

y? i 

3 r 

IV 

VIII 

I 

9 4 

3 <5 £ 

1 

2 

1 

I 


N 

0 

H* 

III 

IX 

I 

36 

2 3 r 

i 

JL 

2 

I 

47 

2 9 -f 

ii 

X 

X 


1 46 


1 

2 

3 i 

1 21 

1 

XI 

2 

9 

0 f 4 T 

t 

2 

Z 

2 

1 2 } 

O 27 T 

XII 

XII 

2 

I 1 JL 

1 1 i 

O O 


iV. B. If we always dedudt the 
right Afcenfion of the Sun from the 
right Afcenfion of thePole Star,which 
is now o s . 9*. 15'. the Remainder 
will correfpond to the Time of the 
Pole Stars coming to the Meridian 
above the Pole: and 11 Hours be¬ 
fore or after will be the Time of its 
coming to the fame Meridian under 
the Pole. Thus, becaufe 11®. in 
Aries correfponds to 9®. 15'. of right 
Afcenfion ; when the Sun is there, 
which is March aoth, the Pole Star 
comes to the upperMeridian atNoon. 
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And becaufe 191°. of the Ecliptick, 
where the Sun is Sept, a ad, has 189*. 
15'. right Afcenfion, the Pole Star 
comes to the fame Meridian at Mid¬ 
night ; and in both Cafes its Hours 
from that Meridian agree with the 
ordinary Reckoning of Hours with 
us. At other times it comes iboner 
than the Sun about 4'. every Day, 
or an Hour in about 15 Days. Thus 
yipril 2 id this Year, the Day of the 
great Solar Eclipfe, the Sun’s right 
Afcenfion is 40°. 15*. which deducted 
from 9*. 15. or 189°. 15'. the Re¬ 
mainder is 149 0 . o\ This fhews that 
the Pole Star comes to the upper part 
of the Meridian at 9 h . 56'. before 
Noon; which is nearly 4'. for a Day, 
or an Hour.for 15 Days, along the 
Ecliptick. And fo in all other Cafes 
whatfoever. 

AT. B. It is farther humbly pro¬ 
pos’d to the Learned, Whether it may 
not be proper for all Nations, up¬ 
on this Occafion, to agree upon one 

firfi 


jo* APVZNVIX- 

fir ft’ Meridian, or beginning of V 
gitude, for the common Benef^^ 
Geography ? jAfld whether it 
not be proper, in that Cafe, 
it to the Tike of Tenarijf* ^ F* 
moft noted Place already l ^ 

the Place whence the Highefh ■ *$ 
moft generally ufefulExplo/Ton 
in this Method, be made every lifjty* 
night continually, for the Difco*r er " 
of the Longitude it felf ? ^ 


A D V E RT IS E M E NT S. 


L Ately publiflfd, Propofab for a New Survey of Eng* 
land and Wales , according to this Method for Difco. 
veringthe Longitude ;*and for a new Sett of correft Map* 
pi the (everal Counties/ according to fuch a Survey, by 
Sfibfcriptton, at Two Quines the whole Sett, bound in 
Paftboard, are to be had Gratis at Mr. Whijlons in Cro/%. 
Street, Hatton*Garden ; at Mrs. DittonS in Cbrifi's Hofpital j 
at Mr. Senex s at the Glebe near Sails bury •Courts Fleet-Street ; 
ttMr.J&ffbfafYin Crane-Court near Fetter-Lane,Fleet-Street ; 
and at the Bookfeliefs of London and Weftminfler,znA. of the 
feveral County Towns. 

As alfo, Mr. Whiftons Copernicus, or Univerfal Agrono¬ 
mical Inftrument for finding the New and Full Moons, 
a ItheEclipfesofthe Suit and Moon ; with theExhi- 
fr ’them both, by aii eafy and natural Method, ne¬ 
ver oefore pjiblilh’d : Together wtflvtV Places and A- 
fpeSs, both HeliqoerfCfical 1ri4 Gdbcehtrigil* the Dire* 


Etions, Stations, and^et^gradadonsef the Planets, both 
primary and fecondary, fpr any Timepaft* prefent, or to V x 
come ; according to t the True .or Copemicm Syftem 
With a fmall Book, giving ‘plaftn Dire&ions for the Uft 
of it. The Prices are Four Guineas with the Globe and 


Frame ; Three with only the Frame ; and One and an 
half without either. 
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